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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  available 
data  and  visual  inspections.  Detailed  investigation,  and  analyses 
involving  topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  Investigation;  however,  the  investigation  is  intended  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through  frequent 
inspections  can  unsafe  conditions  be  detected  and  only  through  continued 
care  and  maintenance  can  these  conditions  be  prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff),  or 
fractions  thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  the  test  flood  should 
not  be  interpreted  as  necessarily  posing  a  highly  inadequate  condition. 
The  test  flood  provides  a  measure  of  relative  spillway  capacity  and 
serves  as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
condition  and  the  downstream  damage  potential. 
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Name  of  Dam: 

State  Located: 
County: 

Watershed: 

Stream: 

Date  of  Inspection: 


Churchtown  Dam  (I.D.  No  NY  79) 

New  York 

Columbia 

Lower  Hudson  River  Basin 

Unnamed  tributary  of 
Taghkanic  Creek 

October  29,  1980 


ASSESSMENT 

^  Visual  Inspection  of  this  dam  and  engineering  analyses  which  have  been 
performed  revealed  that  several  serious  deficiencies  exist  with  this 
structure* 

Structural  stability  analyses,  based  on  available  information,  indicate 
that  this  dam  is  marainally  stable  under  normal  loading  conditions  and  is 
unstable  when  subjected  to  severe  loading  conditions  (such  as  flood  flows  or 
ice  loading).  Seepage  noted  under  and  through  the  structure,  creating  wet, 
soft  areas  along  the  downstream  toe  along  both  ends  of  the  dam,  adversly 
affect  the  stability  of  the  structure. 

Using  the  Corps  of  Engineer's  Screening  Criteria  for  the  Initial  review 
of  spillway  adequacy.  It  has  been  determined  that  the  structure  would  be 
overtopped  by  all  storms  exceeding  45%  of  the  Probable  Maximum  Flood  (PMF). 
Stability  analyses  indicate  that  the  dam  is  unstable  when  subjected  to  over¬ 
topping.  A  dam  break  analysis  performed  for  this  structure  indicates  that 
an  overtopping  induced  dam  failure  would  significantly  Increase  the  hazard 
to  loss  of  life  downstream  of  the  dam  from  that  which  would  exist  just 
prior  to  failure.  Therefore,  the  spillway  is  adjudged  as  "seriously  Inade¬ 
quate"  and  the  dam  is  assessed  as  "unsafe,  non-emergency". 

2>  Immediately  upon  receipt  of  this  notification,  a  system  for  providing 
around-the-clock  surveillance  of  the  dam  during  periods  of  unusually  heavy 
precipitation  should  be  developed  and  implemented.  An  emergency  action 
plan  for  the  notification  of  downstream  residents  should  also  be  developed. 

It  Is  recommended  that  within  3  months  of  the  date  of  notification  of 
the  owner,  investigations  Into  the  deficiencies  on  this  structure  should  be 
commenced.  Studies  of  the  structural  stability  and  seepage  problems.  Includ¬ 
ing  subsurface  and  structural  explorations  are  necessary.  Information 
obtained  should  be  Incorporated  into  a  detailed  stability  evaluation. 

A 


Additional  hydroloqic/hydraul  ic  invest.iqations  are  also  needed  to  find  a 
method  to  correct  the  spillway  inadequacy .  These  studies  should  be  per¬ 
formed  in  a  conjuction  with  the  stability  analyses  to  determine  the  proper 
mitiqatinq  measures  needed  in  response  to  the  seriously  "inadequate  spill¬ 
way"  assessment.  Remedial  measures  deemed  necessary  as  a  result  of  these 
investigations  should  he  completed  within  It’,  months. 


Other  deficiencies  noted  on  this  structure  should  also  be  corrected 
within  IP.  months.  Amonq  the  actions  required  are  repair inq  deteriorated 
concrete  on  the  structure,  removinq  trees,  brush  and  vines  qrowinq  on  the 
dam  and  at  the  downstream  toe  and  iral  inq  the  valve  on  the  If!  inch  reservoir 
drain  pipe  operable. 


Approved  By: 


/  ’  /  , 
A-  '•  «  i  ^  1  ■  /  ■■  t  (  v 

Oeorqe  Koch 

Chief,  Dam  Safety  Section 
New  York  State  Department 

of  environmental  Conservation 


Date: 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
CHURCHTOWN  DAM 
1.0.  No.  NY  79 
#228A-1009 

LOWER  HUDSON  RIVER  BASIN 
COLUMBIA  COUNTY,  NEW  YORK 

SECTION  U  PROJECT  INFORMATION 

1.1  GENERAL 

a.  Authority 

The  PTiase  i  inspection  reported  herein  was  authorized  by  the  Department  of 
the  Army,  New  York  District,  Corps  of  Engineers,  to  fulfill  the  requirements 
of  the  National  Dam  Inspection  Act,  Public  Law  92-367. 

b.  Purpose  of  Inspection 

this  Inspection  was  conducted  to  evaluate  the  existing  conditions  of  the  dam, 
to  identify  deficiencies  and  hazardous  conditions,  to  determine  if  these 
deficiencies  constitute  hazards  to  life  and  property,  and  to  recommend  remedial 
measures  where  required. 

1.2  DESCRIPTION  OF  PROJECT 


a.  Description  of  Dam 

The  Churchtown  is  a  cyclopean  masonry  dam  with  an  overflow  spillway  near  the 
center  of  the  structure. 

The  dam  Is  425  feet  long  and  a  maximum  of  44  feet  high.  The  crest  width  of 
the  dam  Is  5  feet.  The  spillway  section  Is  43  feet  long  with  a  crest  eleva¬ 
tion  3.8  feet  below  the  top  of  the  dam.  There  are  provisions  for  flashboards 
across  the  spillway  section  but  none  are  presently  In  place. 

There  Is  a  gate  house  on  the  crest  of  the  dam  which  contains  the  control 
mechanisms  for  four  gates.  One  of  these  gates  controls  flow  through  a  16 
inch  water  main  leading  to  the  chlorination  plant.  This  gate  is  the  only 
one  operated  regularly. 

There  is  an  18  Inch  blowoff  pipe  through  the  base  of  the  dam  which  was 
intended  to  act  as  a  reservoir  drain.  However,  the  gate  which  controls  flow 
through  this  pipe  Is  reported  to  be  Inoperable. 

b.  Location 

This  dam  is  located  on  Reservoir  Road  in  the  Town  of  Taghkanlc.  It  is 
approximately  3/4  mile  south  of  the  Village  of  Churchtown  and  1  1/4  miles 
east  of  Glenco  Mills. 

c.  Size  Classification 

This  dam  is  44  feet  high  and  has  a  storage  capacity  of  308  acre- feet. 
Therefore,  the  dam  Is  in  the  Intermediate  size  category  as  defined  by  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams". 
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d.  Hazard  Classification 

The  dam  is  classified  as  "high"  hazard  due  to  the  presence  of  several  houses 
downstream  of  the  dam,  as  well  as  the  damage  which  a  dam  break  might  cause 
near  the  Village  of  Glenco  Mills. 

e.  Ownership 

This  dam  is  owned  by  the  C^ty  of  Hudson,  New  York.  Mr.  Charles  Butterworth, 
Superintendent  of  Public  Works,  was  contacted  concerning  the  inspection. 

His  address  is  520  Warren  Street,  Hudson,  New  York  12534.  His  phone  number 
is  (518)  828-9458. 

f.  Purpose  of  Dam 

This  dam  impounds  a  reservoir  used  for  water  supply  by  the  City  of  Hudson. 


g.  Design  and  Construction  History 

This  dam  was  constructed  in  1§08  by  Hurd,  Sherman  &  Company,  Contractors. 

Mr.  Cornelius  C.  Vermuele  of  New  York  designed  the  dam  and  provided  construc¬ 
tion  supervision.  Mr.  H.E.  Bishop,  a  former  Chief  Engineer  of  the  Hudson 
Water  Works  also  assisted  in  the  design. 

Leakage  through  the  structure  became  a  problem  soon  after  the  construction. 
This  problem  was  studied  in  1912  by  Johnson  and  Fuller,  Consulting  Engineers, 
of  New  York  and  by  Robert  Horton,  Consulting  Hydraulic  Engineer,  of  Albany. 
Further  studies  were  performed  in  1914  by  Nicholas  Hill,  Consulting  Engineer, 
of  New  York.  He  made  recommendations  and  prepared  plans  for  the  repair  of 
the  structure.  This  work  was  performed  in  1914  and  consisted  of  the  construc¬ 
tion  of  a  6  inch  thick  reinforced  concrete  cutoff  wall  on  the  upstream  face 
of  the  dam. 

The  leakage  again  reached  unacceptable  levels  in  1957.  The  owner  engaged 
Barker  and  Wheeler,  Consultants,  of  Albany  to  make  necessary  investigations, 
plans  and  specifications  for  repairs.  It  is  believed  that  these  repairs 
were  made  and  the  leakage  was  reduced. 

h.  Normal  Operating  Procedures 

There  are  no  prescribed  operating  procedures  for  this  structure.  Water 
is  withdrawn  from  the  reservoir  as  required  by  the  owner. 
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1.3  PERTINENT  DATA 


a.  Drainage  Area  (acres)  683 

b.  Discharge  at  Dam  (cfs) 

Spillway  at  Maximum  High  Water  758 

(without  flashboards) 


Spillway  at  Maximum  High  Water  508 

(with  flashboards) 


c.  Elevation 

(Plan) 

(USGS) 

(Field) 

top  of  Dam 

423 

428 

+3.8 

Spillway  Crest 

420 

425 

0 

d.  Reservoir-Surface  Area  (acres) 

Top  of  Dam 

18 

Spillway  Crest 

15 

e.  Storaqe  Capacity  (acre-feet) 

Top  of  Dam 

308 

Spillway  Crest 

251 

f.  Dam 

Type  -  Cyclopean  masonry  (concrete  containing  boulders  at  least  8  cu.  ft. 
in  size);  Constructed  in  sections  50  feet  long  by  3  foot  high. 

0am  Length  (ft)  425 

Crest  Width  (ft)  5 

a.  Spillway 

Type:  Ungated,  concrete  overflow  weir  located  near  center  of  dam;  Provisi 
for  up  to  1  foot  of  flashboards  (2  inch  pipes,  4  foot  on  centers) 

Length:  (ft)  43 

h.  Low-Level  Outlets 

Type:  16  inch  water  supply  pipe;  18  inch  blow  off  pipe 
Control:  Valve  Control  mechanisms  located  in  gate  house; 

Valve  for  16  inch  pipe  operable,  valve  for  18  inch  pipe  is 
inoperable. 

i.  Appurtenant  Structures-Gatehouse 

Brick  Structure  on  crest  of  dam;  contains  control  mechanism  for  4  gates; 
only  one  of  which  is  operated  regularly. 
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SECTION  2:  ENGINEERING  DATA 

2.1  GEOTECHNICAL  DATA 

a.  Geology 

the  thurcntown  Dam  Is  located  near  the  boundary  of  the  Hudson  lowlands 
physiographic  province  and  the  Taconic  uplands  physiographic  province  of 
New  York  State.  The  Hudson  lowlands  is  an  area  15  to  20  miles  wide  near  the 
Hudson  River  which  Is  underlain  by  weak  sedimentary  rocks.  The  lowlands  In 
this  vicinity  have  a  narrow  Inner  valley  with  a  conspicuous  terrace  and 
gently  rolling  hills  and  ridges  beyond  this  terrace.  Rock  underlying  the 
Taconic  uplands  include  limestones,  sandstones  and  slates  altered  by  fault¬ 
ing  and  folding.  These  mountains  merge  into  the  gently  rolling  hills  at 
the  edge  of  the  Hudson  lowlands.  The  surficlal  soils  and  features  of  the 
area  are  the  result  of  glaciations  during  the  Cenozoic  Era,  the  last  of  which 
was  the  Wisconsin  glaciation. 

A  review  of  the  "Brittle  Structures  Map  of  the  State  of  New  York"  indicates 
that  there  are  no  faults  in  the  immediate  vicinity  of  the  dam;  There  is  a 
high  angle  reverse  fault  approximately  1/4  mile  west  of  the  dam. 

b.  Subsurface  Investigations 

No  records  of  any  subsurface  investigations  performed  in  the  vicinity  of 
this  structure  could  be  located. 

2.2  DESIGN  RECORDS 

No  records  from  the  original  design  of  this  structure  were  available.  However, 
reports  prepared  both  in  1912  and  1914  provided  some  information  about  the 
original  design.  The  leakage  problem  caused  concern  for  the  stability  of  the 
structure  and  so  these  reports  reviewed  the  structural  stability  computations 
performed  by  the  designer,  Mr.  C.C.  Vermuele.  Further  stability  analyses 
were  also  performed  by  the  engineers  who  prepared  these  reports,  Mr.  Nicholas 
Hill,  who  prepared  the  1914  report,  also  designed  modifications  needed  to 
repair  the  leakage.  Plans  for  these  modifications  were  available. 

2.3  CONSTRUCTION  RECORDS 

The  1912  and  1914  reports  as  well  as  a  1905  magazine  article  (Engineering 
Record-Apri 1 ,  1905;  see  Appendix  C)  provide  the  only  construction  records 
available.  These  sources  provide  some  information  about  the  dam's  foundation 
and  about  the  concrete  used  in  the  structure. 

2.4  OPERATIONS  RECORDS 

Water  level  readings  for  this  reservoir  are  taken  only  when  the  water  level 
drops  below  the  spillway  crest. 

2.5  EVALUATION  OF  DATA 


Data  used  for  the  preparation  of  this  report  was  obtained  from  the  Department 
of  Environmental  Conservation  files  and  from  the  City  of  Hudson's  Department 
of  Public  Works.  The  information  available  appeared  to  be  reasonably  accurate. 


SECTION  3:  VISUAL  INSPECTION 
3.1  FINDINGS 


a.  General 

Visual  inspection  of  the  Churchtown  Dam  was  conducted  on  October  29,  1980, 

The  weather  was  overcast  and  the  temperature  was  around  45  degrees.  The 
water  level  at  the  time  of  the  inspection  was  0.1  feet  above  the  spillway 
crest. 

b.  Dam 

The  visual  inspection  of  the  dam  revealed  a  number  of  deficiencies  on  this 
structure.  The  most  serious  of  these  was  seepage  noted  along  the  downstream 
toe  on  either  side  of  the  spillway.  On  the  right  side  of  the  spillway, 
there  was  seepage  and  a  soft  area  which  extended  for  a  distance  of  about  30 
feet  along  the  toe.  The  ground  was  very  soft  in  an  area  which  extended  out 
about  15  feet  from  the  toe.  There  was  concentrated  seepage  noted  at  only 
one  point  but  the  total  volume  observed  indicated  that  there  was  more  than 
just  one  source  of  concentrated  seepage.  On  the  left  side  of  the  spillway, 
seepage  was  emerging  from  the  downstream  face  of  the  dam.  There  was  a  wet 
area  which  extended  for  approximately  50  feet  and  covered  the  lower  third 
of  the  downstream  face.  A  soft  wet  area  was  noted  out  and  away  from  the 
downstream  toe  on  this  section  as  well.  This  area  extended  from  a  point 
near  the  abutment  where  the  seepage  commenced  over  to  the  outlet  channel 
of  the  spillway,  a  distance  of  about  150  feet. 

Overall  concrete  deterioration  was  evident  on  this  structure.  There  was 
spalling  and  surface  cracking  of  the  thin  layer  of  concrete  which  covered 
the  downstream  face.  More  substantial  structural  cracking  was  noted  on 
the  upstream  face  at  the  right  abutment.  There  was  also  concrete  removal 
in  this  area.  Spalling  concrete  was  noted  along  the  crest  of  the  dam  as 
well. 

There  was  brush  growing  along  much  of  the  downstream  toe  of  the  dam.  Some 
brush  and  vines  were  actually  growing  out  of  the  downstream  face.  There 
were  also  vines  growing  along  the  upstream  face  at  the  left  end  of  the  dam. 

c.  Spi 1 Iway 

There  was  deteriorated  concrete  on  the  spillway.  Several  small  voids 
were  noted  on  the  downstream  face.  There  was  significant  concrete  removal 
on  the  walls  at  either  end  of  the  spillway  section  which  separate  It  from 
the  nonoverflow  segment  of  the  dam.  There  were  no  stop  logs  in  place  at 
the  time  of  inspection,  but  2  Inch  diameter  pipe  supports,  4  feet  on  centers, 
were  in  place. 

d.  Low  level  Outlets 

The  low  level  outlet  consists  of  a  16  inch  diameter  pipe  loading  to  the 
chlorination  plant  downstream  of  the  dam.  The  gate  valve  controlling 
flow  through  this  pipe  is  operated  regularly.  The  remaining  3  gates  whose 
control  mechanisms  are  located  In  the  gate  house  are  not  regularly  operated. 
The  gate  on  the  16  Inch  pipe  is  closed  and  the  pipe  is  cleaned  once  each 
year.  Therefore,  this  gate  is  operable  and  the  valve  can  be  closed  tightly. 
The  gate  on  the  18  Inch  blow  off  pipe  at  the  base  of  the  dam  was  not 
operable. 
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e.  Appurtenant  Structures-Gatehouse 

The  gatehouse  structure  on  the  crest  of  the  dam  was  in  satisfactory  condition. 

3,2  EVALUATION  OF  OBSERVATIONS 

Visual  observations  revealed  several  deficiencies  on  this  structure.  The 
following  items  were  noted: 

1.  Seepage  appearing  on  the  donwstream  face  of  the  dam,  at  the 
downstream  toe  and  beyond  the  toe. 

2.  Concrete  deterioration  on  the  non-overflow  section  including 
spalling,  cracking,  and  some  concrete  removal. 

3.  Deteriorated  concrete  on  the  walls  separating  the  spillway  section 
from  the  non-overflow  section. 

4.  Trees,  brush,  and  vines  growing  on  the  dam  and  at  the  downstream 
toe. 

5.  The  valve  on  the  18  inch  blow  off  drain  pipe  was  not  operable. 
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SECTION  4:  OPERATION  AND  MAINTENANCE  PROCEDURES 

4.1  PROCEDURES 

Water  Is  withdrawn  from  the  reservoir  as  required.  The  valve  on  the  16  1i 
pipe  leading  to  the  chlorination  plant  downstream  of  the  dam  is  fully  clo: 
once  a  year,  and  the  pipe  is  cleaned.  No  leakage  occurs  through  the  valv» 
during  the  shutdown.  Water  level  readings  are  taken  daily,  when  the  pool 
drops  below  the  spillway  crest.  No  water  level  records  are  kept  at  other* 
times.  There  are  provisions  for  flashboards  on  the  spillway  but  they  ; 
are  no  longer  used. 

4.2  MAINTENANCE  OF  DAW 

Normal  maintenance  is  performed  as  required  by  the  City  of  Hudson's  Depari 

of  Public  Works.  Information  in  the  files  Indicate  that  several  times  si* 
Its  construction  more  substantial  repairs  have  been  required  on  this  strj 
Repairs  were  made  In  1914  and  again  In  1957  to  reduce  the  seepage  through] 
dam.  I 

4.3  WARNING  SYSTEM  IN  EFFECT  ] 

"  t 

No  apparent  warning  system  for  evacuation  of  downstream  residents  Is  pres: 

4.4  EVALUATION  > 

-  m 

The  operation  procedures  for  this  dam  are  satisfactory.  Increased  mainte4 

efforts  are  needed  to  repair  the  deficiencies  noted  in  Section  3. 


SECTION  5:  HYDROLOGIC/HYDRAULIC 

5.1  DRAINAGE  AREA  CHARACTERISTICS 

The  delineation  of  the  contributing  watershed  to  this  dam  is  shown  on  the 
map  titled  "Drainage  Area  Map  -  Churchtown  Reservoir  Dam"  (Appendix  C). 

The  Irregular  but  somewhat  ovalshaped  east-west  oriented  watershed  of  some 
683  acres  Is  comprised  of  relatively  undeveloped  lands  consisting  of  open 
farmland  and  forests.  Slopes  arc  moderate  to  steep  with  the  hilltops  rang¬ 
ing  from  200  to  400  feet  In  elevation  above  the  reservoir.  There  are  no 
other  major  bodies  of  wat  -  within  '.he  watershed. 

5.2  ANALYSIS  CRITERIA 

The  analysis  of  the  flood  water  retarding  capability  of  the  dam  was  per¬ 
formed  using  the  Corps  of  Engineers  HEC-1  computer  program.  Dam  Safety 
version,  and  data  provided  by  the  report  titled  "Lower  Hudson  River  Basin 
Hydrologic  Flood  Routing  Model"  (Appendix  C,  ref.  4).  The  computer 
program  develops  an  ivflow  hydrograph  using  the  "Snyder  Unit  Hydrograph" 
method  and  then  reservoir  routs  the  hydrograph  using  the  "modified  Puls" 
flood  routing  procedure.  The  spillway  design  flood  selected  for  analysis 
was  the  Probable  Maximum  Flood  (PMF),  in  accordance  with  the  Recommended 
Guidelines  of  the  U.S.  Army  Corps  of  Engineers.  The  PMF  event  is  that 
hypothetical  storm  event  resulting  from  the  most  critical  combination  of 
rainfall,  minimum  soil  retention,  and  direct  runoff  to  a  specific  site 
that  Is  considered  reasonably  possible  for  a  particular  watershed. 

5.3  SPILLWAY  CAPACITY 

The  43  foot  long  single,  ungated,  concrete  overflow  weir  is  located  near 
the  center  of  the  dam.  Although  provisions  for  flashboards  exist,  they  were 
not  In  place  at  the  time  of  inspection.  Spillway  flashboards,  12  inches 
high,  have  been  used  in  the  past.  However,  during  flood  events,  the 
spillway  capacity  would  be  decreased  If  such  flashboards  remained  in  place. 
The  spillway  was  analyzed  for  weir  flow  using  a  discharge  coefficient,  C, 
varying  from  3.10  to  3.42.  The  computed  discharge  capacity  of  the  spillway 
Is  758  cfs  and  508  cfs  with  flashboards. 

The  flood  analysis  performed  for  this  dam  indicates  that  the  spillway  with¬ 
out  flashboards  does  not  have  sufficient  capacity  for  discharging  one-half 
the  PMF.  For  this  storm  event,  the  peak  inflow  is  896  cfs  and  the  peak 
outflow  is  887  cfs.  The  PMF  peak  inflow  Is  1792  cfs  and  the  peak  outflow 
Is  1783  cfs. 

5.4  RESERVOIR  CAPACITY 

The  normal  water  surface  is  at  or  near  the  spillway  crest  (elev,  425). 

The  Impounded  capacity  for  this  elevation  Is  251  acre-feet.  Surcharge 
storage  capacity  to  the  top-of-dam  (elev,  428.8)  adds  57  acre-feet  which 
is  equivalent  to  a  direct  runoff  depth  of  1.0  inch  over  the  watershed.  The 
total  storage  capacity  is  308  acre- feet. 

5.5  FLOODS  OF  RECORD 


The  date  of  occurrence  of  the  maximum  flood  is  not  known.  However,  for 
the  Claverack  Creek/Taghkanlc  Creek  watershed  in  which  this  dam  is  located, 
a  maximum  discharge  of  4960  cfs  was  recorded  downstream  of  the  site  on 
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June  30,  1973.  The  flow  gage  nad  a  contributing  area  of  60.6  square  miles. 
Although  no  flow  gage  exists  for  the  dam  site,  a  preclptation  recording 
gage  does  exist.  The  hourly  rainfall  amounts  for  this  storm  event  are 
Included  In  Appendix  C. 

5.6  OVERTOPPING  POTENTIAL 


Analysis  using  the  PMF  and  one-half  PMF  storm  events  indicates  that  the  dam 
does  not  have  sufficient  spillway  capacity.  The  computed  depths  of  overtop¬ 
ping  for  these  two  events  are  0.81  feet  and  0.18  feet  respectively.  All 
storm  events  exceeding  455!  of  the  PMF  will  result  in  the  dam  being  overtopped, 

5.7  EVALUATION 


The  spillway  caoacity  is  inadequate  for  the  peak  outflow  from  one-half  PMF 
and  the  structural  stability  analysis  indicates  the  dam  could  fail  during 
this  same  storm  event.  Therefore,  a  dam-break  analysis,  assuming  a  breaching 
of  the  dam,  was  performed.  The  analysis  Indicates  that  water  surface  levels 
downstream  of  the  dam  could  reach  depths  which  would  pose  a  significant 
danger  to  residents.  That  is,  dam  failure  resulting  from  overtopping  would 
significantly  increase  the  hazard  to  loss  of  life  downstream  from  the  dam 
from  that  which  would  exist  just  before  an  overtopping  failure.  Therefore, 
the  spillway  is  adjudged  as"seriously  inadequate"  and  the  dam  is  assessed 
as  "unsafe,  non- emergency". 
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SECTION  6:  STRUCTURAL  STABILITY 
6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observations 

Visual  inspection  of  this  structure  revealed  several  deficiencies  which 
affect  the  stability  of  this  structure.  There  was  seepage  emerging  at 
the  toe  of  the  dam  on  the  right  side  of  the  spillway.  This  seepage  caused 
a  soft  area  beyond  the  toe  which  was  about  30  feet  long.  On  the  left  side 
of  the  spillway,  seepage  was  emerging  from  the  lower  third  of  the  downstream 
face  In  an  area  which  extended  for  approximately  50  feet. 

b.  Data  Review  and  Stability  Evaluation 

Information  reviewed  include  two  reports  which  contained  independent 
stability  analyses  performed  for  this  structure.  These  reports  were  prepared 
in  response  to  the  seepage  problems  on  this  dam.  They  stated  that  the 
original  design  assumed  no  uplift  pressure  beneath  the  dam,  no  Ice  load,  and 
a  water  level  at  the  spillway  crest.  Both  reports  indicated  that  when  appro¬ 
priate  factors  were  taken  into  account,  the  dam  was  only  marginally  stable. 
The  conclusion  of  both  reports  was  that  the  uplift  pressure  had  to  be 
reduced  to  achieve  adequate  factors  of  safety.  The  construction  of  the  6 
inch  thick  cutoff  wall  in  1914  was  Intended  to  eliminate  the  seepage. 

A  stability  analysis  was  performed  for  this  report  in  accordance  with  the 
TRecommended  Guidelines  for  the  Safety  Inspection  of  Dams",  This  analysis 
assumed  full  uplift  pressure  on  the  upstream  face  decreasing  to  the  tallwater 
pressure  at  the  downstream  face,  and  an  ice  load  of  5000  pounds  per  linear 
foot.  The  analysis  was  based  on  a  cross  section  of  the  dam  shown  In  the 
1905  magazine  article  (See  Appendix  C).  Separate  analyses  were  performed 
assuming  a  failure  plane  along  the  dam's  foundation  and  through  the  middle 
of  the  structure.  The  results  are  as  follows: 


— - Eull  Uam  Section 

l_  Failure  Throuah  Middle  of  Dam 

Case 

Overturning 
Safety  Factor 

Resultant  i  Sliding 
In  |  Safety 
Middle  Thiird  Factor 

Overturning 
Safety  Facti 

Resultant 
i  r  in 
Middle  Thl 

Sliding 
Safety 
rd  Factor 

a.  Normal  conditions; 
water  surface  at 
spillway  crest. 

1.29 

NO 

1.05 

2.08 

YES 

1.39 

b.  Case  a  plus  an 

Ice  load  of  5,000 
#/ft. 

1.11 

NO 

0.96 

1.27 

NO 

0.94 

c.  1/2  PMF  flow; 
water  surface  0.18 
feet  over  top  of  dam 

1.08  . 

NO 

0.87 

1.46 

NO 

0.91 

d,  PMF  flow;  water 
surface  0.81  feet 
over  top  of  dam 

1.06 

NO 

0.84 

1.40 

NO 

0.86 

e.  Normal  con¬ 
ditions  with 
seismic  co-effl- 
cient  of  0.10. 

1.20 

NO 

0.81 

1.96 

YES 

.98 
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These  analyses  indicate  that  the  dam  is  marginally  stable  under  normal 
conditions  and  would  be  unstable  under  severe  loading  conditions,  The 
sliding  safety  factor  under  these  conditions  falls  below  1.0  for  both 
failure  planes  analyzed.  The  fact  that  this  structure  has  remained  in 
place  since  1904  Indicates  that  the  actural  safety  factors  may  be  higher 
than  those  calculated.  Hence,  the  structure  must  be  considered  as 
being  only  marginally  stable. 

Further  investigations  are  required  to  better  assess  the  stability  of  the 
dam.  Subsurface  explorations  and  concrete  cores,  to  obtain  information 
about  the  condition  of  the  structure  and  the  uplift  forces  are  required. 
Accurate  cross  sections  of  the  dam  should  also  be  obtained.  Stability 
analyses  should  then  be  performed  using  this  data.  Based  on  the  results 
of  these  analyses,  required  modifications  to  the  structure  should  be 
made. 

c.  Seismic  Stability 

tHs  structure  is  located  in  Seismic  Zone  2.  A  seismic  stability  analysis 
was  performed  for  both  failure  planes,  assuming  a  seismic  coefficient  of 
0.1.  The  results  of  this  analysis  (shown  on  page  10)  indicate  that  the 
safety  factors  against  sliding  are  below  1.0  when  seismic  considerations 
are  included. 
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SECTION  7:  ASSESSMENT/RECOMMENDATIONS 
7.1  ASSESSMENT 

a.  Safety 

The  Phase  I  inspection  of  the  Churchtown  Dam  revealed  seepage  under  and 
through  the  structure.  Seepage  was  noted  on  both  downstream  sides  of  the 
spillway.  There  were  soft  areas  which  extended  for  more  than  30  feet  along 
the  toe  on  either  side.  This  seepage  adversly  affects  the  stability  of 
the  structure. 

The  Inspection  also  revealed  that  the  stability  of  this  structure  is 
questionable.  Analyses  performed  Indicated  that  the  structure  is  only 
marginally  stable  under  normal  loading  conditions  and  is  unstable  when 
subjected  to  severe  loading  conditions  (such  as  flood  flows  or  ice  loading), 

The  spillway  capacity  for  this  dam  has  been  rated  as  seriously  inadequate 
since  It  Is  not  capable  of  passing  one-half  the  Probable  Maximum  Flood 
without  overtopping  the  dam.  Stability  analyses  performed  Indicates  that 
under  this  loading  condition  the  dam  would  be  unstable.  A  dam  break 
analysis  indicates  that  an  overtopping  dam  Induced  failure  would  signif¬ 
icantly  increase  the  hazard  to  loss  of  life  downstream  of  the  dam.  Therefore, 
the  spillway  is  adjudged  as  seriously  Inadequate  and  the  dam  Is  assessed  as 
unsafe,  non- emergency. 

b.  Adequacy  of  Information 

The  information  which  was  available  for  the  preparation  of  this  report 
presented  a  fairly  complete  history  of  the  structure.  Sketches  and  plans 
which  were  available  were  design  documents  and  did  not  reflect  modifications 
made  during  construction.  For  this  reason,  some  dimensions  shown  on  the 
plans  did  not  agree  with  field  measurements  made  at  the  time  of  the  Inspec¬ 
tion. 


c.  Need  for  Additional  Investigations 

Further  investigations  of  the  structural  stability  and  the  seepage  problems 
on  this  dam  are  required.  The  studies  should  Include  subsurface  and  struc¬ 
tural  investigations  to  obtain  Information  about  the  condition  of  the  struc¬ 
ture  and  its  foundation.  This  data  should  then  be  Incorporated  into  a  de¬ 
tailed  stability  evaluation. 

Additional  detailed  hydrologic/hydraulic  investigations  are  also  necessary 
to  correct  the  spillway  discharge  capacity  Inadequacy.  These  studies 
should  consider  the  site  specific  characteristics  of  the  watershed,  such 
as  additional  surcharge  storage  capacity  both  within  the  drainage  area  and 
at  the  dam.  These  studies  should  be  performed  in  conjunction  with  the 
stability  analyses  to  determine  the  proper  mitigating  measures  needed  in 
response  to  the  seriously  inadequate  spillway  capacity. 

d.  Urgency 

Investigations  of  the  structural  stability  and  seepage  problems  should  be 
commenced  within  3  months  of  the  date  of  notification  of  the  owner.  A 
detailed  hydrologic/hydraulic  investigation  should  be  commenced  within  3 
months.  Remedial  measures  deemed  necessary  both  as  a  result  of  these 
Investigations  and  to  correct  the  other  deficiencies  noted  should  be  com¬ 
pleted  within  18  months. 


7,2  RECOMMENDED  MEASURES 

1.  Modify  the  structure  as  necessary,  based  on  the  stability  analysis. 

2.  Take  mitigating  actions  as  necessary,  based  on  the  hydrologic/hydraulic 
Investigation. 

3.  Eliminate  the  seepage  coming  under  and  through  the  dam. 

4.  Repair  deteriorated  concrete  on  both  the  spillway  and  the  non-overflow 
section. 

5.  Remove  trees,  brush  and  vines  growing  on  the  dam  and  along  the  downstream 
toe. 

6.  Make  repairs  to  the  18  inch  reservoir  drain  pipe  to  make  it  operable. 

7.  Develop  an  emergency  action  plan  for  the  notification  of  downstream 
residents. 
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Upstream  Face  of  Dam,  Right  End 


Crest  of  Dam  at  Right  End 


Cracks  and  Voids  in  Concrete  on  Upstream  Face 
at  Right  End  of  Dam 


Crest  of  Dam  at  Left  End  -  Note  Deteriorated 
Concrete 


A 


'  ’*  V. 

ft 


Downstream  Face  at  left  End  of  Dam;  Dark 
Area  at  Base  is  Seepage 


Close  -  up  of  Seepage  at  Base  of  left 
End  of  Dam 


Downstream  Face  at  Right  End  of  Dam;  Seepage 
Emerging  at  Base 
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View  From  Crest  Looking  Down  on  Seepage 
at  Right  End  of  Dam 


Deteriorated  Concrete  on  Wall  at  Right 
End  of  Spillway;  Note  Brush  Growing  on  Downstream  Face 


Deteriorated  Concrete  on  Downstream  Face 
of  Dam 
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VISUAL  INSPECTION  CHECKLIST 


1)  Basic  Data 
a.  General 

Name  of  Dam 
Fed.  I.D.  * 


71 


River  Basin  i-6uu£R  ^/t*6S0 A/ 
Location:  Town 


DEC  Dam  No.  zztf\-  (Pen 
.  County  Co  4  Qr*B/A 


Stream  Name 


Tributary  of  CkeeK _ 

Latitude  (N)  HZ  _  Longitude  (W)  T V  3- 


Type  of  Dam  CpA/ftRgTf  C  ^^SCAjRV>\ 


Hazard  Category 


Date(s)  of  Inspection  IQ  /“Z^f 80 _ 

Weather  Conditions  QygRcdST  c/^° 


b. 


Reservoir  Level  at  Time  of  Inspection  1.7  /  S£4-quj  75 ^  or 
Inspection  ’’ersonnel  L  VpA^^gA/fcgR _ UJ. C.  L’r'A/sc/r 


c.  Persons  Contacted  (Including  Address  &  Phone  No.) 

Cyfl/ugs  fiurrggL>jaft.T<y _ 


C I  TV  OF  //ofcSCJU  Agpr  OF  fijai/C  U)og*rs 


5  Z  0  U)/4  ftftgAj  Sr, 


Ai*V.  lz$3V 


fe/8\  gjg-WS 


d.  History: 

Date  Constructed  no«f 


Date(s)  Reconstructed 


IW 


ns? 


Designer  Cghmsciuz  o€^£  j  VcRJf 


Constructed  By  $  ^OaM/V^  Co/vriWcnrA S 

Owner  ^ V*  6C 


i 


4. 

93-15-3(9/80) 

(1)  Erosion  at  Contact  ______ 


(2)  Seepage  Along  Contact 


3)  Drainage  System 

a.  Description  of  System 


b.  Condition  of  System 


4-)  Instrumentation  (Momumentation/Surveys .  Observation  Wells,  Weirs, 
Piezometers,  Etc.) 

_ A/ftA/g _ 
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5)  Reservoir 

a.  Slopes  ^Q'lgS*7'g&  ~^~c>  C-bs£ 


b.  Sedimentation  N&N6  ^PPflRgA/T 


c.  Unusual  Conditions  Which  Affect  Dam  V 6/U  e 


6)  Area  Downstream  of  Dam 

a.  Downstream  Hazard  (No.  of  Homes,  Highways,  etc.)  /  H omf  4  Coua/ty'  Roa£> 

I  (*>L&  bouJA/<Tft£A/»-  ~  SeVERAC  S  //V  6 £*£■//£&  ft/LLS 

b.  Seepage,  Unusual  Growth  Sor*^  ^ua(  £YC  Vt> 

& ouja/  S*ngg^r\  _ 

c.  Evidence  of  Movement  Beyond  Toe  of  Dam  N OA/f _ 

d.  Condition  of  Downstream  Channel  SATufftC-rtRY _ 


7)  Spjllwavfs)  (Including  Discharge  Conveyance  Channel') 

OyezrLbijj  ~  LoojLsvet  Pipgs  -  >«£«  is  CPsunaUe 

a.  General  ^ATeM  COS?  Cou'rA rA/d  Co^T/toc  fgft  V  jjgTTS 

CNty  /  cf  L)nicn  t s  &p£ft*44«y  tcc-AT&b  fl&TACe/VT 

Q|/gftP  f.0«O  £gCTt6A/-  jC  ?'/*£  7o  Cy^aft/V/QT/oV 

P4/9/V7  -  C*/\/  /^Cr  R-eseGi/cne  b&A/M _ 

c-  /v 

b.  Condition  of*tauan*e  Spillway  joiwg  lje~rERt OftA^.oY 

OftC  6  OuJMST&gfl/w.  F/QC^. _ £<3  A/Cft£Tg  /I  ETr&iQtA 

&N  UMics  Sg f> A R.fi'TisU 6  Sp/ce.  u>*Y  ^oy  0t/fftr4.ca> 

StrcT<oA/ _ 

2_^f£S  ~  i'  <S*l  Ce<VTg/g  ^<=-*QSS  Sfi/^CUJAY  CnaaM£U 

Cam  Ge  OseK  7q  So^Pcrt  6o**&$ 


93-15-3(9/80) 


d> 


c.  Condition  of  Auxiliary  Spillway 


d. 


Condition  of  Discharge  Conveyance  Channel  (hACKUJATtz#  C R.SAT6& 

fiv  ^DflC)  CuLueaJ’ _ 


8)  Reservoir  Drain/Outlet  -  UMrg*  SupfiLY  P'P£  Ctf4©Aiv*T'0w  lO/aIC 

Type:  Pipe  / _  Conduit  _ Other 

Material:  Concrete  ____________  Metal  _____________  Other  _______________ 

Size:  1 6  W  CU  Length 

Invert  Elevations:  Entrance  _ _  Exit  _ 

Physical  Condition  (Describe) :  Unobservable  _ 

Material:  ___________________________________________________________ 

Joints:  Alignment 

Structural  Integrity :  _ _ _ 


Hydraulic  Capability : 

Means  of  Control:  Gate  V  Valve  ______  Uncontrolled  _ 

Operation:  Operable  \/  Inoperable  _____  Other  _____ 

Present  Condition  (Describe)  :  (sA  J~£  C.L&S€ti  £ 

fife  I S 
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9)  Structural 

a-  Concrete  Surfaces 

r  /frCA  *j-  CaA/  Cftf7r  $£<S,\f<S 


Co  hither g  cm  £>oi*jm- 


/M&  0\( 


eTg’fi.ioafi  TtotJ 


c.  Movement  -  Horizontal  &  Vertical  Alignment  (Settlement)  _ 

hi  c>  ,\J  (* 


d.  Junctions  with  Abutments  or  Embankments  S/fT/sf4cT&l.y  -/Vo  $££f>*6e 

Morsb  In  ~Th£$6  /Ue-*s 


e.  Drains  -  Foundation,  Joint,  Face  <V o  a/< 


Water  Passages,  Conduits,  Sluices  U 


g.  Seepage  or  Leakage  LgVY  cp  "*  ■S*gyp^6 ff  "* 

f 7  7 Pac£-  COer  Soft  flo-trA  Berova  ^<u>r  "7^/^qn'6 
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h.  Joints  -  Construction,  etc.  S / <Lt A L  T/QA} _ 

Pm  Q&A&tr  So&SriAj  T/AC.  ^f^io^T/QA/  &gw£*r// 

Th  ai  Svacacs  La^^R.  OF  Ca\ico.eTb _ 


i .  Foundation 


j.  Abutments  $>>4 


k.  Control  Gates  /  ~  ^oa/7'^3Z.S  1&''  LjnS.  7~c  CflLQRl  KtfTTloM 

P LAH~t  //VO  P€RA&L* 


1. 


Approach  &  Outlet  Channels 


Mot  ApP4CA  6  <-£ 


m. 


Energy  Dissipators  (Plunge  Pool,  etc.) 


S/IT/SFAC-TAflY 


n.  Intake  Structures  ^°*r 


o.  Stability  /V&  l4so^  £y,beXC£  aP  M  flVgA/r _ 

p.  Miscellaneous  G>RU$H  6ftCwU/»lS  bouJAj  g  T&£4aA.  TOS  4  O H^AcS 

S<?\/£&a l  'Tll£6'S>  oor  or  f-vk^' _ (//a/*ts 

jj/Afd  OPT  Of  6*cr _ 


93-15-3(9/80) 


10)  Appurtenant  Structures  (Power  House,  Lock,  Gatehouse,  Other) 
a.  Description  and  Condition 

G/?T<=-<VQUSg'-  BrccIT  Gu tt-b/sJG  0  y  CduTST-  CcmtA'A/S 

_ f ^/VTgoi  ^■£’CtfAAl/Srf\  foR.  H  <oAT£S _ 

_ iM  (0OQt^  Gv^/T/O  A) _ 


11)  Operation  Procedures  (Lake  Level  Regulation): 

_ 'frW  {-qmss-K  RerGOLtiki-1/ 

L&Vtr/.s  //V  £gggft(/q#g  Wfe  La/CV 

U)He-A(  CJArg-R  L ei/g-c  Q  ftopg 

_ £j&5~S 31 _ 

_ §rusj/  In.  ’T'AftujtTeR.  /y 

C 4.g-/?gg&  //V  Tv#  £o/*  m.f£ 


■H 


CHUWlHTOtOKi  ft.ESEe.WO  Id 

Mvf-  79 

CHECK  LIST  FOR  DAMS  1 

HYDROLOGIC  AND  HYDRAULIC 
ENGINEERING  DATA 


AREA -CAPACITY  DATA: 

(relatwe) 

Elevation 

(ft.) 

Surface  Area 
(acres ) 

Storage  Capacity 
(acre-ft. ) 

1) 

Top  of  Dam 

3.8 

_ 

308 

2) 

Design  High  Water 
(Max.  Design  Pool; 

m/a 

3) 

Auxiliary  Spillway 
Crest 

M/A 

A) 

Pool  Level  with 
Flashboards 

1.0 

5) 

Service  Spillway 
Crest 

0.0 

15 

35 1 

DISCHARGES 

1)  Average  Daily 

2)  Spillway  0  Maximum  High  Water 

3)  Spillway  0  Design  High  Water 

4)  Spillway  0  Auxiliary  Spillway  Crest  Elevation 

5)  Low  Level  Outlet 

6)  Total  (of  all  facilities)  0  Maximum  High  Water 

7)  Maximum  Known  Flood 

8)  At  Time  of  Inspection 


23-15-M  ?/8c) 


Volume 

(cfs) 

_jwA _ 

_ 

_ 

m/a  : 

—  j 

75  ft  NO  FIA&H&OAW5  ] 

-*A—  I 

-4 —  i 

i 

I 

i- 

\ 

I 

t 

* 

a 

i 

i 


HYDROMETEROLOGICAL  GAGES: 


CWLl<!CH-pcOM 

Reseruoir  M'f-? 9 


Type  :  RECOUP  IMG  RAlhl  GAGE  I^MOAA  IMPEX  *  Ufls) 

Location:  HEAR.  PA*\  _ _ _ 

Records: 

Date  -  _ _ _ 

Max.  Reading  -  __ _ _ _ 


FLOOD  WATER  CONTROL  SYSTEM: 


Warning  System: 


Ufa. 


Method  of  Controlled  Releases  (mechanisms): 

^A-jpg.  gxiRFLy  Pipe  /  i o>"  piam^  -  gate  coo^ngi — — 

GA|E  HOUSE _ 4  EMSTJ  -  Ot^^QME. 

15  (cE^OLARL^  OPERATES? 


F to* 


EMC^MBERiM^  -  Reocxlp 
APR\i_  1905 


1 


571 


31 


A.  75 


RE&ERMOtR.  rtlG,rt  uXj ER  LE.MEJL 


- <t  U*  PIPE 


-<fc  Us  PIPE 


i&  6lou>-off 


Tffn 

93-15 -V 9/20) 


(JBEMEAIH  <VF[ErtOO&e.) 

C  CAM  DRAlM  RE&ERUOift.  pJW) 

'fs/s/n  V 


Ife  CAS]"  i ROM 
Pt  Pel  i  vie.  to 

c»tV 


CHOKCH-fOidM  Ke&E&MOIft. 


Potential  Sedimentation  problem  areas  (natural  or  man-made;  present  or  future) 


Potential  Backwater  problem  areas  for  levels  at  maximum  storage  capacity 
including  surcharge  storage: 


Dikes  -  Floodwalls  (overflow  S  non-overflow  )  -  Low  reaches  along  the 
Reservoir  perimeter: 

Locat ion: 

E I eva t i on : 


(Miles) 

(Miles) 
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Vot.  51.  No.  13.  370 


The  New  Grerity  Water  Works  at  Hudson, 
N.  Y. 

A  storage  reservoir  and  pipe  line  have  just  been 
completed  at  Hudion,  .V,  V.,  which  furnish  that 
city  with  a  gravity  Supply  from  a  catchment  area 
adjoining  the  area  at  the  upper  end  of  the  Rocliff 
Jansen  Kill,  on  the  east  side  of  the  Hudson  River, 
which  has  been  under  consideration  as  a  probable 
source  of  supply  for  Xew  York  City.  Hudson 
is  located  on  the  east  bank  of  the  Hudson  River, 
and  the  municipal  water  supply  was  formerly 
pumped  from  that  stream  to  two  open  slow  sand 
filters  on  a  hill  above  the  city.  After  passing 
through  the  filters  the  water  flowed  by  gravity 
to  a  3,200,000-gal.  clear  water  reservoir  on  the 
same  hill  at  an  elevation  of  310  ft.  above  the  river 
and  175  ft.  above  the  business  portion  of  Hudson, 
and  from  this  reservoir  through  the  distribution 
system. 

One  of  the  filter  beds  and  the  clear  water  reser¬ 
voir  were  designed  and  built  in  187 4  by  Mr.  J. 
B.  G.  Rand,  and  the  second  bed  was  built  in  1888. 
Both  beds  and  the  clear  water  reservoir  have  con- 


that  in  order  to  procure  the  daily  supply  a  part 
of  the  river  water  would  be  pumped  dircctiy  Irom 
the  river  into  the  reservoir.  The  conditions  at 
the  intake  in  the  river  also  became  unsanitary. 
The  intake  was  about  800  ft.  down-stream  from 
ibe  outlet  in  the  river  qf  one  of  the  mam  sewers 
of  the  town,  and  300  ft.  upstream  from  another 
main  sewer  outlet,  with  a  difference  in  level  in  the 
river  of  about  4  ft  between  high  and  low  tide. 
The  river  receives  the  sewage  of  Albany,  Troy 
and  several  other  cities  before  reaching  the  in¬ 
take,  and  this,  added  to  the  local  conditions,  ren¬ 
dered  the  Hudson  liable  at  all  times  to  cause  an 
epidemic  of  water-borne  diseases. 

After  considerable  investigation  of  the  feasibil¬ 
ity  of  constructing  a  new  plant  to  filter  the  river 
water  and  of  laying  pipe  lines  to  convey  a  sup¬ 
ply  from  other  available  sources  to  the  city,  it 
was  decided  to  abandon  the  old  pumping  station, 
erected  in  1S74,  and  to  bring  water  from  the 
Taughkanielc  Hills,  which  are  about  13  miles 
from  the  reservoir  on  the  hill  above  the  city. 
The  new  supply  is  drawn  from  Claverack  or 
Taufhkinick  Creek,  about  15  miles  from  its 
month  in  the  Hudson  River.  The  catchment  area 


ertte  bottoms,  with  their  side  slopes  paved  with 
quarry-faced  granite  blocks  laid  in  cement  mor- 
ter.  The  first  bed  built  is  330  ft  square,  and  the 
other  one  is  irregularly  rectangular,  ago  ft  long 
by  250  ft  wide  at  Ha  broad  end,  built  to  fit  the 
available  area.  The  combined  sand  area  of  the 
two  beds  is  about  32,000  sq.  ft,  and  their  com¬ 
bined  capacity  under  normal  conditions  of  opera¬ 
tion  was  formerly  1,300,000  gal  in  14  hr. 

The  raw  river  water,  which  is  heavily  charged 
with  sediment  at  certain  seasons  of  the  year,  was 
pumped  directly  on  the  filters,  as  a  settling  basin 
which  appears  to  have  been  included  in  the 
original  design  was  never  built  Although  the 
surface  of  the  sand  beds  was  scraped  several  times 
each  year,  the  sand  had  never  been  renewed,  with 
the  result  that  the  capacity  of  the  beds  became  re¬ 
duced  to  about  500.000  gaL  in  24  hr.,  and  their  ef¬ 
ficiency  was  alio  greatly  diminished^  During  the 
winter  months  the  heavy  ice  which  formed  on 
the  water  in  the  beds  rendered  scraping  them  a 
difficult  operation,  which  at  times  became  impos¬ 
sible.  The  sand  would  then  become  so  clogged 


above  the  intake  is  about  50  square  miles  in  ex¬ 
tent,  made  up  of  mountainous  country,  which  is 
sparsely  inhabited  and  comparatively  free  from 
liability  of  dangerous  contamination. 

The  new  pipe  line  is  of  cast  iron,  and  has  been 
designed  to  carry  3,004000  gal  in  34  hr.  The 
bed  and  banka  of  the  creek  at  the  intake  are 
solid  rock,  and  a  channel  8  ft  wide  at  bottom 
and  S  ft  deep  below  the  surface  of  the  water  in 
(he  creek  at  its  normal  stage,  has  been  cut  across 
in  the  bed  of  the  creek  at  a  alight  up-stream  angle. 
The  intake  it  a  concrete  box,  6  ft  square  in  plan 
by  to  ft  deep,  built  m  the  rock  of  the  creek  bank 
at  the  lower  end  of  the  channel  blasted  out  of  the 
bed  of  the  stream.  The  bottom  of  the  intake  .is 
about  6  ft  below  the  bottom  of  the  channel,  and 
its  aide  on  the  stream  face  was  omitted  above  the 
channel  bottom  and  a  movable  screen  of  vertical 
iron  rods  placed  across  the  opening.  The  outlet 
to  the  pipe  line  is  a  16- in.  cast-iron  pipe  provided 
with  a  screen  at  its  open  end  in  the  intake  and 
with  a  gate  valve  just  outside  the  intake.  A  ta¬ 
in.  cast-iron  pipe  blowoff,  provided  with  a  gate 
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valve,  is  placed  n«ar  the  bottom  ot  the  intake. 

The  13-miie  pipe  line  has  two  sections,  first  a  5- 
mtle  length,  ending  in  a  storage  reservoir  built  to 
connection  with  the  aqueduct,  and,  second,  an  S- 
mile  length,  leading  from  this  reservoir  to  the  dis¬ 
tributing  reservoir  which  was  formerly  used  for 
a  dear-water  basin  for  the  filters.  The  first  2 
miles  of  the  tine  from  the  intake  on  the  creek  ate 
16-in.  pipe  in  two  weights,  one  about  1,230  lb.  and 
the  other  about  tj6o  lb.  per  i2-Cl  length,  de¬ 
pending  on  the  depth  of  the  hne  below  the  hy¬ 
draulic  grade  line.  The  remainder  of  the  first  5 
miles  is  1 2-in.  pipe  in  two  weights,  one  1,030  lb. 
and  the  other  1,200  lb-  per  ta-ft  length.  A  12-in. 
pipe  could  have  been  used  tor  all  of  the  first  5 
miles,  but  as  the  grade  of  the  pipe,  as  it  is  laid, 
rises  about  13  ft.  above  the  hydraulic  grade  line 
near  the  end  of  the  i6-in.  pipe,  pipe  of  that  sire 
was  used  in  the  first  2  miles  and  a  cut,  800  ft. 
long,  with  a  maximum  depth  of  30  ft  in  hard- 
pan,  was  avoided. 

p-w-  The  storage  reservoir  in  which  the  pipe  from 
the  intake  terminates  was  made  by  building  an 
overflow  gravity-section  masonry  dam,  505  ft.  long 
on  the  crest  and  44  ft.  ia  height  near  the  center, 
across  a  narrow  valley  with  steep  sides.  The  dam 
develops  a  site  which  has  a  drainage  area  of  iJd 
•quare  miles  tributary  to  it,  and  provides  an  83.- 
000, 000-gal.  reservoir,  covering  a  little  less  than 
£  tj  acres.  The  reservoir  has  abrupt  banks  on  all 
<  sides,  and  with  the  exception  of  an  area  of  about 
li  acre  at  one  end.  submerged  only  4  ft.,  it  will 
have  a  depth  of  20  to  34  tL  The  surface  ot  the 
site  was  practically  free  from  vegetation  and  or¬ 
ganic  matter,  and  was  underlaid  at  a  depth  of  a 
few  inches  with  gravel,  so  the  only  preparation 
that  was  necessary  was  to  plow  the  surface  to  a 
depth  sufficient  to  turn  the  light  top  soil  under 
the  gravel  This  was  done  over  the  whole  area  to 
an  elevation  of  about  4  ft  above  the  flow  line,  and 
no  trouble  is  anticipated  from  tastes  or  odors  in 
the  water  due  to  organic  matter. 

Although  the  whole  dam  was  designed  as  an 
overflow  structure,  the  ao-tt  spillway  built  in  it 
toward  the  north  end  is  considered  capable  of 
passing  any  flow  that  may  reach  the  reservoir.  The 
dam  is  built  on  solid  rock,  which  lies  a r  a  depth 
of  from  $  ft  to  15  ft.  below  the  original  ground 
surface,  and  construction  was  begun  by  stripping 
the  site  down  to  this  foundation.  In  the  sound¬ 
ings  for  the  dam  it  was  thought  that  rock  lay 
within  3  ft  to  4  ft  of  the  surface,  but  when  the 
top  soil  waJ  stripped,  what  was  considered  rock 
fe  the  soundings  was  found  to  be  a  very  dense 
i  _  hardpaa,  from  3  ft  to  12  ft  deep,  overlying  the 
rock  ledge. 

In  making  the  excavation  for  the  dam  the  top 
sod  was  first  thrown  back  on  either  side  by  hand. 
A  guyed  derrick  was  then  set  op  at  the  different 
points  of  the  deepest  cutting,  and  the  excavated 
-  material  spoiled  below  the  site  of  the  dam  or 
hauled  out  of  the  trench  in  wagons,  until  a  3JO- 
ft  Udgerwood  cableway  was  erected  longitu- 
di nelly  across  the  site.  After  the  cableway  was  in 
place  all  spoil  and  concrete  were  handled  in  buck¬ 
ets  on  it.  The  small  stream  which  formerly  flowed 
across  the  site  caused  some  trouble  and  had  to  be 
kept  out  of  the  trench  by  cofferdams  on  one  or 
•wo  occasions,  but  usually  the  work  was  com¬ 
paratively  dry. 

While  the  excavation  was  in  progress  a  stone 
crusher  built  by  the  Acme  Road  Machine  Co.,  and 
*  l -yd  Ransom*  concrete  mixer  were  set  up  ad¬ 
jacent  to  the  hoisting  engine  and  head  tower  of 
the  cableway  at  the  south  end  of  the  dam.  The 
crusher  was  fitted  with  an  elevating  conveyor 
ekich  delivered  the  broken  stone  to  a  bin  over  the 
toixer.  The  bin  was  fitted  with  s  hopper  measur- 
'*f  box,  which  discharged  into  the  mixer.  The 
•end  and  cement  were  also  delivered  q»*  an  «(e- 
**ted  plat  form  over  the  mixer  built  in  connection 
with  the  none  bin.  A  90-h.p.  verticil  boiler  sup- 
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plied  steam  during  the  first  part  of  the  work,  but 
later  a  150-h.p.  horizontal  boiler  was  placed  in 
a  brick  setting  near  the  crusher  and  mixer,  and 
furnished  steam  for  all  of  the  contractor's  plant 
during  the  greater  part  of  the  dam  construction. 

The  dam  was  built  in  50-ft.  sections,  with  a 
tongue  and  groove  ur  joint  between  the  sections. 
As  soon  as  the  rock  in  the  foundation  had  been 
stripped  it  was  roughly  leveled,  and  then  the 
trench  was  completely  filled  with  concrete  to  a 
sufficient  depth  to  bring  it  leveL  The  first  lift 
of  the  forms  was  then  erected,  and  the  construc¬ 
tion  of  the  dam  proper  begun.  Alternate  50-ft. 
sections  were  built  at  the  same  time.  After  the 
first  lift  of  the  forms  had  been  filled,  a  j-ft.  layer 
of  concrete  was  placed  in  one  section  on  one  day, 
then  permitted  to  set  a  day  while  a  3-ft.  layer  was 
placed  in  an  alternate  section,  after  which  another 
3-ft.  layer  was  placed  in  the  first  section,  and  so 
ort.  The  surface  of  each  layer  was  thoroughly 
brushed  and  cleaned,  then  wet  and  covered  with 
a  thin  coat  of  1  :s  Portland  cement  mortar  before 
the  next  layer  was  placed.  This  method  of  lay¬ 
ing  the  concrete  was  followed  in  order  that  the 
forms  might  be  built  without  exterior  braces  to 
hold  them  in  place,  and  could  be  kept  in  position 


by  transverse  rods  between  the  sides  of  the  sec¬ 
tions  and  by  the  curvature  of  the  front  face  of 
the  dam,  the  lower  forma  being  removed  as  the 
concrete  received  its  set.  No  leaks  are  apparent 
at  any  of  the  horizontal  joints,  and  only  a  slight 
demarcation  is  apparent  between  any  of  the  layers. 

The  concrete  used  in  the  dam  was  mixed  quite 
wet  in  the  proportion  of  t  part  of  Hudson  Port¬ 
land  cement,  3.8  parts  sand,  and  stf  parts  broken 
stone,  these  proportions  having  been  foand  to  give 
a  slight  excess  of  floe  material  A  suitable  sand 
was  not  procurable  in  the  vicinity,  so  a  bank  was 
opened  about  3  miles  from  the  dam.  The  sand 
from  it  was  found  to  contain  from  6  to  8  per 
cent  of  loam.  Thorough  tests  were  made  to  dis¬ 
cover,  if  possible,  the  effect  of  the  presence  of 
the  loam;  as  good  results  were  obtained  in  these 
tests,  the  sand  was  used  The  best  scone  available 
wtre  the  glacial  bowlders  which  had  been  used 
ia  building  stone  fences  in  the  vicinity,  and  after 
a  considerable  quantity  of  these  had  been  used 
a  quarry  of  trap  rock  was  opened  about  Jd  m*l« 
from  the  dam,  and  stone  from  it  used  in  the  con¬ 
crete  to  complete  the  work.  In  the  early  part  of 
the  work  the  broken  stone  was  screened,  but  the 
greater  part  of  the  concrete  was  made  with 
crusher-run  broken  stone,  in  which  the  largest 
pieces  did  not  exceed  3tf  ia  in  their  greatest  di¬ 
mension. 

About  7,500  cu.  yd  of  concrete  were  required  in 
building  the  dam.  The  actual  cost  of  mixing  and 
placing  the  concrete,  including  the  materials  ob¬ 
tained  as  described,  and  the  coat  of  the  forma 
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with  labor  at  $1.50  per  day,  but  exclusive  of  the 
cement,  was  a  little  more  than  $3  65  per  cubic 
yard.  The  1.1  bbl.  of  cement  used  per  cubic  yard 
cost  St  .25  at  a  railroad  station  4  suits  from  the 
dam.  and  that  amount  was  hauled  to  the  site  over 
a  pike  road  for  2754  cents,  making  the  total  cosr 
of  the  concrete  $5.17  per  cu.  yd  The  concrete 
was  laid  at  the  rate  of  150  cu.  yd  per  day  under 
normal  conditions.  Seven ty- seven  working  days 
were  consumed  in  building  the  forms  and  placing 
the  concrete;  and  146  days  elapsed  from  the  time 
ground  was  broken  on  the  dam  excavation  until 
work  on  the  dam  was  stopped  on  account  of 
severely  cold  weather,  with  all  but  about  200  yd. 
of  the  concrete  in  place. 

The  13-in.  pipe  of  the  line  from  the  intake  on 
the  creek  passes  along  the  south  end  of  the  dam 
and  the  south  side  of  the  reservoir  to  an  outlet 
about  6  ft.  above  the  bottom  near  the  upper  end 
of  the  reservoir.  A  6-in.  branch  on  this  pipe  is 
laid  from  the  dam  toward  the  center  of  the  res¬ 
ervoir  where  a  half-bend  was  inserted,  and  the  pipe 
built  up  to  a  point  above  high-water  level.  This 
branch  will  be  used  as  an  aerator  if  the  water 
from  the  creek  should  need  aeration  at  any  time. 

Water  may  be  drawn  from  the  reservoir 
tf  ~Ough  either  of  two  16-in.  outlet  pipes  in  the 
X6xi8-ft  gate  chamber  that  is  bui.t  in  connection 
with  the  dam.  One  outlet  pipe  has  its  center  line 
4  ft  9  in.  below  the  high-water  level  in  the  res¬ 
ervoir,  and  the  other  has  its  center  line  21  ft.  be¬ 
low  that  leveL  Both  pipes  discharge  through 
screens  in  the  wall  of  a  transverse  chamber  in  the 
gate  chamber  into  an  outlet  chamber  which  is  con¬ 
nected  by  an  18-in.  outlet  to  the  pipe  line  to  the 
city.  An  18-in.  blow-off  is  laid  through  the  dam 
beneath  the  gate  house,  and  the  reservoir  may  be 
drawn  dry  through  it.  Ail  the  outlet  pipes  are 
controlled  by  hand-operated  gate  valves.  * 

The  inlet  to  the  reservoir  and  the  outlet  from 
it  art  connected  by  a  by-pass  permitting  the  res¬ 
ervoir  to  be  entirely  cut  out  of  the  system.  An 
overflow  is  built  in  this  by-pass,  with  its  discharge 
at  the  same  height  as  the  high-water  level  in  the 
reservoir,  in  order  that  the  pressure  on  the  main 
leading  to  the  city  may  not  exceed  that  due  the 
head  of  water  in  the  reservoir. 

The  82,000,000-gal.  capacity  of  the  reservoir  is 
about  equal  to  43  days*  maximum  consumption  in 
the  city.  The  normal  consumption  is  1,500,000  gal. 
per  34  hr,  whicn  is  about  150  gaL  per  capita  per 
day.  The  catchment  area  directly  tributary  to  the 
reservoir  site  has  given  an  average  flow  during 
the  past  two  years  of  1,200,000  gal.  per  24  hr.,  with 
the  rainfall  from  3  to  6  in.  below  the  normal,  and 
the  minimum  flow  to  be  expected  from  this  area 
for  any  extended  time  is  taken  to  be  730,000  gaL 
per  24-hr.  The  pipe  line  from  the  intake  on  the 
creek  to  the  reservoir  has  been  designed  for  a 
carrying  capacity  of  2,225,000  gal.  in  34  hr.,  and 
the  tine  from  the  reservoir  to  the  city  for  a  ca¬ 
pacity  of  3.000,000  in  24  hr.  The  depth  of  water  in 
the  reservoir,  the  excess  of  the  supply  over  the  de- 
mand  and  the  depth  below  the  surface  at  which 
water  is  fed  into  the  reservoir  are  believed  to  pro¬ 
duce  sufficient  currents  and  change  of  water  to 
prevent  any  possibility  of  stagnation. 

The  pipe  line  from  the  reservoir  to  the  city  is  of 
td-tn.  cast-iron  pipe  in  three  weights,  ranging  from 
1,350  to  1.675  Ik  P«r  1  a* ft.  length.  No  unusual 
difficulties  were  encountered  in  laying  this  part  of 
the  line  nor  in  the  line  above  the  reservoir.  The 
minimum  depth  of  trench  was  about  5  ft,  and  this 
depth  was  maintained  throughout  the  greatest  part 
of  the  route.  About  60  per  cent,  of  the  trench  was 
wet,  but  no  sheeting  was  required,  and  the  water 
was  removed  with  diaphragm  pumps.  Consider¬ 
able  rock  cutting  was  required  in  making  the 
trench,  and  two  tngeraoli- Sergeant  and  three 
Rand  steam  drills  were  used  ia  making  the  blast 
holes.  Two  creek  crossings  were  made.  One  of 
them  presented  no  difficult  conditions,  and  the 
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pipe  was  laid  3  ft.  below  the  bed  of  the  stream. 
Coarse  gravel  was  encountered  at  the  other  cross¬ 
ing,  and  pipe  with  flexible  joints  was  used  to 
avoid  pumping  and  building  cofferdams.  Air 
valves  are  placed  on  the  pipe  line  at  all  summits 
and  blow-off  pipes  at  all  low  points. 

The  4,000  tons  of  pipe  required  in  building  the 
pipe  line  and  all  of  the  gate  and  air  valves  and  the 
valve  boxes  were  furnished  by  R.  D.  Wood  &  Co., 
of  Philadelphia,  Pa.  The  contract  for  laying  the 
pipe  and  building  the  dam  was  let  to  Hurd,  Sher¬ 
man  &  Co.,  of  Syracuse,  N.  Y. 

The  saving  in  the  operation  of  the  gravity  sys¬ 
tem  as  compared  with  the  operation  of  the  old 
pumping  plant,  is  about  $10,000  a  year,  including 
the  salaries  of  three  firemen  and  three  engineers, 
and  an  average  of  143  tons  of  coal  per  month. 
The  estimated  cost  of  rebuilding  the  old  plant  and 
enlarging  its  capacity  to  3,000,000  gal.  per  day  was 
$160,000,  with  an  estimate  life  of  the  machinery  in 
the  remodeled  plant  of  30  years.  The  cost  of  the 
new  works,  including  all  charges  and  construction 
expenses  will  be  about  $270,000,  with  an  estimated 
life  of  from  60  to  75  years. 

While  the  average  consumption  of  water  per 
capita  per  day  in  Hudson  is  comparatively  high,  it 
will  be  difficult  to  reduce  it  to  any  considerable  ex¬ 
tent,  owing  to  the  peculiar  conditions  under  which 
the  water  works  system  is  operated.  The  original 
system  was  built  under  an  act  of  the  Legislature, 
which  required  that  the  works  be  built  and  oper¬ 
ated  with  money  obtained  by  a  tax  on  the  property 
in  the  city,  and  that  water  be  furnished  free  for 
domestic  consumption  to  any  person  paying  the 
expense  of  installing  a  service  connection.  The  sys¬ 
tem  is  still  operated  under  that  act,  so  the  only  di¬ 
rect  income  of  the  plant  is  the  sale  of  a  small  per¬ 
centage  of  the  supply  for  commercial  consumption, 
and  the  only  opportunity  of  reducing  the  consump¬ 
tion  under  the  present  conditions  is  by  metering 
the  service  connections  of  commercial  consumers. 

The  filters  are  at  present  out  of  commission,  but 
it  is  the  intention  to  remodel  them  and  filter  the 
water  from  the  gravity  supply,  and  plans  are  now 
being  prepared  for  the  work.  Mr.  H.  K-  Bishop 
is  chief  engineer  of  the  Hudson  water  worka  and 
the  preliminary  investigations,  the  design  and  con- 
struction  of  the  new  system  have  been  carried 
out  under  his  direct  supervision.  Mr.  C  C  Ver- 
meule,  of  New  York,  has  been  consulting  engineer 
on  the  design  and  construction  of  the  system.  Mr. 
F.  L.  Getman  was  assistant  engineer  in  charge  of 
the  laying  of  the  pipe  line,  and  Mr.  H.  W.  Lewis 
was  assistant  engineer  in  charge  of  the  construc¬ 
tion  of  the  dam. 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  available 
data  and  visual  inspections.  Detailed  investigation,  and  analyses 
involving  topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  Investigation;  however,  the  investigation  is  intended  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through  frequent 
inspections  can  unsafe  conditions  be  detected  and  only  through  continued 
care  and  maintenance  can  these  conditions  be  prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff) ,  or 
fractions  thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  the  test  flood  should 
not  be  interpreted  as  necessarily  posing  a  highly  inadequate  condition. 
The  test  flood  provides  a  measure  of  relative  spillway  capacity  and 
serves  as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
condition  and  the  downstream  damage  potential. 
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APPENDIX  D 

STABILITY  COMPUTATIONS 


STRUCTURAL  STABILITY  ANALYSIS  CONDITIONS 

1.  Nonna]  conditions;  water  surface  at  spillway  crest. 

2.  Same  as  #1  plus  ice  load  of  5,000  pounds  per  linear  foot, 

3.  Flood  flows  -  water  surface  at  top  of  dam. 

4.  1/2  PMF  flow  -  water  surface  0.18  feet  above  crest  of  dam. 

5.  PMF  flow  -  water  surface  0.81  feet  above  crest  of  dam. 

6.  Normal  conditions;  with  seismic  coefficient  of  0.1. 
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STABILITY  ANALYSIS  PROGRAM  -  WORK  SHEET 
f~u//  6/* IM  S£cTi§k!) 
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6 

Base  Width  of  Dam  (Total)  (ft) 

7 

11.5 

Height  of  Dam  (ft) 

8 

zz 

Ice  Loading  (K/L  ft.) 

9 

Coefficient  of  Sliding 

10 

,60 

Unit  Weight  of  Soil  (K/ft3) 

(deduct  18) 

11 

.css 

Active  Soil  Coefficient  -  Ka 

12 

Passive  Soil  Coefficient  -  Kp 

13 

Vb 

Height  of  Water  over 

Top  of  Dam  or  Spillway  (ft) 

14 

Height  of  Soil  for  Active  Pressure  (ft) 

15 

Height  of  Soil  for  Passive  Pressure  (ft) 

16 

Height  of  Water  in  Tailrace  Channel  (ft)  17 

Weight  of  Water  (K/ft2) 

18 

Mw 

Area  of  Segment  No.  4  (ft*) 

19 

Distance  from  Center  of  Gravity  of 
Segment  No.  4  to  Downstream  Toe  (ft) 

20 

Height  of  Ice  Load  or  Active  Water  (ft) 
(does  not  include  14) 

46 

Seismic  Coefficient  (g) 

50 

i 

RESULTS  OF  ANALYSIS 
Factor  of  Safety  vs.  Overturning 
Distance  Fronf  Toe  to  Resultant 
Factor  of  Safety  vs.  Sliding 
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